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ABSTRACT 1 
Purpose. To explore the role of the neighborhood environment in supporting walking  2 
Design. Cross sectional study of 10,286 residents of 200 neighborhoods. Participants were 3 
selected using a stratified two-stage cluster design. Data were collected by mail survey 4 
(68.5% response rate).  5 
Setting. The Brisbane City Local Government Area, Australia, 2007. 6 
Subjects. Brisbane residents aged 40 to 65 years.  7 
Measures. Environmental: street connectivity, residential density, hilliness, tree coverage, 8 
bikeways, and street lights within a one kilometer circular buffer from each resident’s home; 9 
and network distance to nearest river or coast, public transport, shop, and park. Walking: 10 
minutes in the previous week categorized as < 30 minutes, ≥ 30 < 90 minutes, ≥ 90 < 150 11 
minutes, ≥ 150 < 300 minutes, and ≥ 300 minutes. 12 
Analysis. The association between each neighborhood characteristic and walking was 13 
examined using multilevel multinomial logistic regression and the model parameters were 14 
estimated using Markov chain Monte Carlo simulation.   15 
Results. After adjustment for individual factors, the likelihood of walking for more than 300 16 
minutes (relative to <30 minutes) was highest in areas with the most connectivity (OR=1.93, 17 
99% CI 1.32-2.80), the greatest residential density (OR=1.47, 99% CI 1.02-2.12), the least 18 
tree coverage (OR=1.69, 99% CI 1.13-2.51), the most bikeways (OR=1.60, 99% CI 1.16-19 
2.21), and the most street lights (OR=1.50, 99% CI 1.07-2.11). The likelihood of walking for 20 
more than 300 minutes was also higher among those who lived closest to a river or the coast 21 
(OR=2.06, 99% CI 1.41-3.02).   22 
Conclusion. The likelihood of meeting (and exceeding) physical activity recommendations 23 
on the basis of walking was higher in neighborhoods with greater street connectivity and 24 
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residential density, more street lights and bikeways, closer proximity to waterways, and less 25 
tree coverage. Interventions targeting these neighborhood characteristics may lead to 26 
improved environmental quality as well as lower rates of overweight and obesity and 27 
associated chromic disease. 28 
Key Words. Walking, Environment, Neighborhood, GIS 29 
Indexing Key Words. Manuscript format: research; Research purpose: Modeling/relationship 30 
testing; Study design: non-experimental; Outcome measure: Behavioral; Setting: local 31 
community; Health focus: fitness/physical activity; Strategy: built environment; Target 32 
population age: adults; Target population circumstances: geographic location33 
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The Association Between Objectively Measured Neighborhood Features and Walking in 34 
Mid-Aged Adults 35 
PURPOSE 36 
Physical activity in mid-age can increase both life quality and expectancy,1,2 however in 37 
countries such as the USA, Britain, and Australia, the majority of those aged 40 to 65 years 38 
are insufficiently active.3-6 Current recommendations suggest that to promote and maintain 39 
health, all healthy adults need moderate-intensity aerobic physical activity for a minimum of 40 
30 minutes on five days a week.1  Walking is a popular form of exercise among mid-aged 41 
adults,6 and can provide significant health benefits.1  Mid-aged adults consider neighborhood 42 
streets and parks to be the most convenient places to walk7 and they are more likely to walk 43 
within the bounds of their neighborhood than outside of it.8 Compared with their younger 44 
counterparts, mid-aged adults are more likely to spend more of their time in their local area 45 
due to retirement, ill-health and family/social networks.9 Therefore, neighborhood 46 
environmental features may be particularly influential as barriers or facilitators to walking 47 
among this age group.  48 
There is a growing body of evidence that the built environment is associated with 49 
walking.10 Much of this research has been limited to assessing subjective perceptions of the 50 
environment and walking;10 which are not necessarily synonymous with objective 51 
neighborhood characteristics.11, 12  In one study for example, socioeconomically-52 
disadvantaged participants perceived poorer access to footpaths and recreational facilities 53 
than their advantaged counterparts; however, objective measures showed no difference in 54 
footpath availability between the disadvantaged and advantaged areas.13  55 
Research using objectively-measured data has demonstrated a fairly consistent association 56 
between a number of environmental variables and walking.  Positive associations have been 57 
reported between walking and living near a park14, 15 living near a coastal waterway,16, 17, 18 58 
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residential density,19, 20 street connectivity,16, 21 and mixed land use.22 Saelens, Sallis and 59 
Frank  found that the latter three variables explained variance in walking for transport over 60 
and above individual-level socio-demographic predictors.22  The positive association with 61 
walking may be because these features reflect destinations and infrastructure for walking.  62 
Residential density, conceptualized as either the number of residential units per area of land 63 
19 or the average residential block size,20 can provide interesting scenery, and a sense of 64 
security and community cohesion.  Connectivity, generally conceptualized as a measure of 65 
intersection density,19 provides continuous routes.  Land use mix, the combination of 66 
residences and businesses/services, provides local destinations.  Similarly, access to transit 67 
stops (e.g. buses, trains) or shops has been positively associated with walking.15, 18, 23  68 
The influence of other characteristics of the environment are however, less understood.  69 
There is mixed evidence on the influence of hilliness, with some studies reporting a positive 70 
association 20 and others reporting an inverse association.24  The role of tree coverage is 71 
uncertain as trees improve the attractiveness of an area and provide shade, but could also 72 
reduce sense of safety because of obscured vision.25  Off-road bikeways may provide 73 
pathways for walking,16, 26 but are not commonly studied.  Street lighting may support 74 
walking by increasing the sense of security at night or early in the morning.   75 
Using more complex statistical models with multinomial outcomes and predictor variables 76 
may further our understanding of the association between the environment and walking.  77 
Using a categorical outcome variable, for example, allows us to see whether environmental 78 
features have more or less impact depending upon the level of walking done. Multiple 79 
categories of predictor variables also allows for the identification of ‘thresholds’ or optimal 80 
levels of environmental characteristics at which the influence on walking is highest. Both too 81 
few and too many trees, for example, may discourage walking for different reasons, and 82 
moderate tree coverage may be optimal.  83 
Neighborhood and Walking - 7 
 7
The aim of this paper is therefore, to use a multinomial approach to examine how a range 84 
of objectively measured neighborhood features are associated with the likelihood of mid-aged 85 
adults walking in their local neighborhood. We use objective measures of connectivity, 86 
density, hilliness, tree coverage, bikeways, street lighting , as well as distance to the river or 87 
coast, and to the nearest public transport, shop, or public park. We investigate thresholds for 88 
these environmental characteristics by making use of categories (reflecting low to high levels 89 
of environmental exposure) to tease out the optimal ‘amount’ of environmental support 90 
associated with different levels of walking. Based on previous literature we expected to find 91 
an overall positive association between walking and residential density, street connectivity, 92 
and proximity to a waterway, public transport or shop.  However, as our analyses extend 93 
previous research by exploring thresholds of environmental characteristics and different 94 
levels of walking, no apriori hypotheses were specified about the required amount of 95 
“exposure” to these characteristics across the levels of walking. 96 
97 
Neighborhood and Walking - 8 
 8
METHODS 98 
Scope 99 
Data were collected in 2007 as part of the HABITAT study (How Areas in Brisbane 100 
Influence Health and Activity). HABITAT is a multi-level longitudinal (2007-2011) 101 
investigation of the determinants of physical activity among mid-aged adults (i.e. aged 40-65 102 
at baseline). The study was conducted among residents of private dwellings in the Brisbane 103 
Local Government Area (Australia) and was awarded ethical clearance by the Queensland 104 
University of Technology Human Research Ethics Committee (Ref. No. 3967H). A detailed 105 
description of HABITAT’s research design, sampling procedures, and data collection 106 
methods, have been published elsewhere.27 107 
Sample selection 108 
Participants were selected using a stratified two-stage cluster design. First, Census 109 
Collector Districts (CCDs), stratified by socioeconomic disadvantage, were randomly 110 
selected from across the Brisbane Local Government Area. CCDs are the smallest 111 
geographical units used by the Australian Bureau of Statistics for the collection of census 112 
data and are conceptualized as neighborhood areas. In urban areas, CCDs contain an average 113 
of about 220 dwellings.28 Second, individuals were randomly selected from within these 114 
CCDs using name and address data provided by the Australian Electoral Commission (AEC). 115 
Voting is compulsory in Australia for residents aged 18 years and over; thus AEC data 116 
provides near-complete coverage of the adult population. Questionnaires (n=17,000) were 117 
mailed to individuals residing in 200 Census Collection Districts (CCDs). The final sample 118 
comprised 11,037 participants and the number of respondents in the CCD neighborhoods 119 
ranged from 12 to 161 (M=55.2, SD=28.0).   120 
Data Collection 121 
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A structured self-administered questionnaire was developed that asked respondents about 122 
their neighborhood participation in physical activity, attitudes, social support, and 123 
demographic and socio-economic characteristics. The questionnaire was administered 124 
between May and July 2007 using a mail survey method developed by Dillman.29 A 68.5% 125 
response rate was achieved. 126 
Measures 127 
Principal outcome variable: Total minutes walking in the past week. The walking 128 
variable was a single item taken from the Active Australia Survey which asked about time 129 
spent walking for recreation, exercise, or to get to and from places in the past week.30  130 
Previous research has reported test retest reliability (=0.58) and validity (=0.29, p<0.001) 131 
of this measure with a sample of mid-aged women.31  For this present study, data were 132 
categorized into five levels: < 30 minutes, ≥ 30 < 90 minutes, ≥ 90 < 150 minutes, ≥ 150 < 133 
300 minutes and ≥ 300 minutes per week.  As current activity guidelines promote 30 minutes 134 
of moderate activity on five days of the week,1 these categories equate to less than one 30 135 
minute session, one - three sessions, three - five sessions, five - ten sessions and more than 136 
ten sessions, with those falling into the latter two categories meeting or exceeding the 137 
recommended amount of moderate intensity activity through walking alone.  As increasing 138 
activity among those doing no or little activity has the greatest potential for public health 139 
gains, and because health benefits can also be derived from even low amounts of activity,32 140 
we included three categories of walking below the recommended amount of moderate 141 
intensity activity.33   142 
Independent Variables. Area-level data were collated using a MapInfo geographic 143 
information systems (GIS) database and MapInfo Professional (version 9.5, Pitney Bowes 144 
MapInfo, Troy, New York) and MapInfo DriveTime (version 11.5, MapInfo Corporation, 145 
Troy, New York).  Data were collected from the Brisbane City Council, Australia’s National 146 
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Resources and Water, and the main electricity supplier for the Brisbane region. A number of 147 
environmental variables were constructed from these data (details below). For most variables 148 
a one-kilometer circular buffer was utilized as it represents a walking distance that healthy 149 
adults can easily achieve and it has been operationalized and defined as an appropriate 150 
environmental measure for walking studies. 34, 35 151 
The specific measures used are detailed below and where possible, were based on earlier 152 
research. For example, the measure for connectivity has previously been used by Ball et al.16 153 
and measures of residential density, hilliness, bikeway length and distance to destinations 154 
were utilized by Lee and Moudon20, and others.35, 36 Measures of street lighting, tree coverage 155 
and distance to river or coast have previously been limited to presence versus absence; 156 
however, we attempted to calculate more precise measures. It is likely that there are 157 
correlations between the environmental variables and while an investigation of interaction 158 
relationships is beyond the scope of this paper, we have included a table showing the 159 
Kendall’s tau-b correlations between each environmental factor (Table 2). Strong correlations 160 
were observed between street connectivity and number of shops within a one kilometer radius 161 
(r = 0.57) and network distance to the nearest shop (r = 0.50). Most correlations however 162 
were moderate to weak in magnitude. 163 
Connectivity. Greater connectivity indicates more choices en route and often a more direct 164 
route between origin and destination. Connectivity was measured as a count of four way or 165 
more intersections within a one kilometer radius of each participant’s residence. The mean 166 
number of four way or more intersections was 22.9 (SD=17.22) and the median was 19. This 167 
measure was categorized into quintiles with quintile five representing the most connected 168 
areas. 169 
Density. Residential density was calculated by taking the average size (in square meters) 170 
of all residential zoned land within a one-kilometer radius of each participant’s residence. 171 
Neighborhood and Walking - 11 
 11
Higher numbers represented less density. The mean residential density across the 200 areas 172 
was 1716.40 m2 (SD=9984.06) and the median was 747 m2. These data were categorized into 173 
quintiles and reverse coded. Categories ranged from the least dense neighborhoods (quintile 174 
one) to the most-dense neighborhoods (quintile five). 175 
Hilliness. Topographic data were provided by National Resources and Water in the form 176 
of Digital Elevation Modeling Data. This is a grid of elevation above sea level. We calculated 177 
hilliness by taking the standard deviation of elevation for a one kilometer radius around each 178 
participant’s residence. Average hilliness was 10.85 meters (SD=5.89) and the median was 179 
9.73 meters. Hilliness was divided into quintiles, with quintile five representing the hilliest 180 
neighborhoods. 181 
Tree coverage. Tree coverage was provided in grid format. The data had been extracted 182 
digitally from aerial photography and was supplied by the local council.  Each grid point 183 
represented 2.4 square meters of land space.  Tree coverage was calculated by multiplying the 184 
number of grid points within a one kilometer radius of each participant’s residence by 2.4 and 185 
converting to square hectares. The mean hectares of tree coverage was 35.63 (SD=16.28) and 186 
the median was 31.92 square hectares. Tree coverage was divided into quintiles with 187 
neighborhoods with the most tree coverage falling into the highest quintile. 188 
Bikeways. Total meters of off-road bikeways were calculated for a one kilometer radius 189 
around each participant’s residence. The mean meters of off-road bikeways was 2233.65 190 
(SD=2449.70) with a median value of 1382. The bikeways variable was divided into quintiles 191 
with neighborhoods with the most bikeways in the highest quintile. 192 
Street lights. This is a count of street lights for a one kilometer radius around each 193 
participant’s residence. The mean number of street lights was 561.12 (SD=175.41) with a 194 
median of 578. This variable was divided into quintiles with the highest quintile containing 195 
neighborhoods with the most street lights. 196 
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River or coast. This variable is a measure of the network distance from each participant’s 197 
home to either the city’s river (Brisbane River) or to the coast line, whichever was nearer. 198 
The mean distance was 8.20 kilometers (SD=3.87) with a median distance of 8.60 kilometers. 199 
This variable was divided into quintiles with participants in the highest quintile living further 200 
from a waterway.  201 
Public transport. This is a measure of the street network distance (in kilometers) from 202 
each participant’s home to the nearest Brisbane City Council bus stop or railway station. The 203 
mean distance to the nearest public transport was 0.54 kilometers (SD=1.57) and the median 204 
distance was 0.30 kilometers. The distance was rounded to hundreds of meters as this was as 205 
specific as the MapInfo software would allow. The variable was divided into four distance 206 
categories: 0 to 0.2 kilometers, 0.3 to 0.5 kilometers, 0.6 to 0.9 kilometers, and one kilometer 207 
or more. This, and the following ‘distance to’ variables were grouped by specific distance 208 
rather than quintiles in order to aid interpretation. 209 
Shop. This is a measure of network distance in kilometers from each participant’s home to 210 
the nearest retail zoned land. The mean distance to the nearest shop was 0.98 kilometers 211 
(SD=1.26) with a median of 0.70. As for the public transport variable, distance calculations 212 
were rounded to hundreds of meters. The shop variable was divided into four distance 213 
categories: 0 to 0.2 kilometers, 0.3 to 0.5 kilometers, 0.6 to 0.9 kilometers, and one kilometer 214 
or more. 215 
Park. This is a measure of network distance in kilometers from each participant’s home to 216 
the nearest park zoned land. The mean distance to the nearest park was 0.60 kilometers 217 
(SD=0.51) with a median of 0.50. As for the public transport and shop variables, distance 218 
calculations were rounded to hundreds of meters. The park variable was divided into four 219 
distance categories: 0 to 0.2 kilometers, 0.3 to 0.5 kilometers, 0.6 to 0.9 kilometers, and one 220 
kilometer or more. 221 
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Covariates 222 
We adjusted for participants’ age, gender, education, occupation, living arrangement and 223 
household income (determined from the mail survey). We also adjusted for neighborhood 224 
level socioeconomic disadvantage, as indexed by the Australian Bureau of Statistics. 225 
Categorization of these variables, as well as a comparison of the sociodemographic 226 
characteristics of the sample with the general population of Brisbane, is provided in Table 1. 227 
Analyses 228 
Of the 11,037 participants who returned the questionnaire, 604 (5.47%) did not indicate 229 
minutes walking in the past week, and were excluded from the study. Participants with 230 
missing data on living arrangement (n=144, 1.31%) or education (n=47, 0.43%) were also 231 
excluded. The resulting analytical sample comprised of 10,286 participants and was closely 232 
representative of the general Brisbane population (Table 1).  233 
As the data contained individuals nested within areas, it was appropriate to utilize 234 
multilevel modeling in order to take into account clustering effects. Ten separate multinomial 235 
logit models with area-level random intercepts were estimated using MCMC simulation 236 
implemented in MLwiN (version 2.02, Centre for Multilevel Modeling, Bristol)37, 38 to 237 
determine the strength and pattern of the relationship between each of the neighborhood 238 
characteristics and minutes spent walking in the previous week. In each of these separate 239 
models we adjusted for individual level and neighborhood level socioeconomic factors. No 240 
interaction terms were specified as the aim of the analysis was to estimate main effects.  241 
For each of the models the posterior density of each parameter estimate for the log-odds 242 
was approximately normal, and so odds ratios with 99% confidence intervals (CI) were 243 
calculated to estimate whether levels of the environmental variables were associated with 244 
minutes spent walking. The reference category for walking was 0 to 30 minutes and the 245 
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reference categories for the predictor variables were selected so that odds ratios were, as 246 
often as possible, greater than 1.  247 
RESULTS 248 
Table 3 shows that the majority of the sample (63.4%) did less than 150 minutes of 249 
walking in the previous week. Twenty one percent walked for less than 30 minutes (i.e. less 250 
than one session) over the course of the reported week. Table 4 presents the odds ratios and 251 
99% confidence intervals for relationships between the environmental variables and walking. 252 
Relationships that were significant at the 95% confidence interval are also identified. 253 
Significant associations were mostly limited to the highest quintiles (vs. lowest quintiles) for 254 
most environmental variables (exceptions were connectivity and proximity to a river or 255 
coast). 256 
Connectivity. Greater connectivity was associated with an increased likelihood of walking 257 
at all levels of walking. For example, compared with their counterparts in the least connected 258 
neighborhoods, residents of the most connected neighborhoods were 44% (OR 1.44, 99% CI 259 
1.04-1.99) more likely to walk between 30 and 60 minutes in the previous week and 93% 260 
(OR 1.93, 99% CI 1.32-2.80) more likely to walk more than 300 minutes.   261 
Density. Greater residential land density was positively associated with walking and this 262 
was true for all levels of walking. Compared to those with the lowest residential density, 263 
those in the densest neighborhoods were 37% (OR 1.37, 99% CI 1.00-1.90) more likely to 264 
walk between 30 and 60 minutes. The relationship was strongest for those in the densest 265 
areas, who engaged in the most walking. Those with the highest residential density were 47% 266 
(OR 1.47, 99% CI 1.02-2.12) more likely to walk more than 300 minutes compared to those 267 
in the least dense areas. 268 
Hilliness. Hilliness tended to be negatively associated with the likelihood of walking; 269 
however, this relationship did not reach significance at the 99% confidence level. This 270 
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apparent negative association was consistent, for the least hilly areas, across all levels of 271 
walking.  272 
Tree coverage.  There was a negative association between the amount of tree coverage and 273 
walking. This association did not reach significance at the 99% confidence level for those 274 
who walked 30 – 90 minutes; however, the association strengthened across the walking 275 
groups and participants in the lowest tree coverage areas were 69% more likely to have 276 
walked for 300 minutes or more (OR 1.69, 99% CI 1.13-2.51), compared to those in the 277 
highest quintiles of tree coverage.  278 
Bikeways. Residents living in neighborhoods with more bikeway coverage were more 279 
likely to walk. For example, those with the most bikeways were 34% (OR 1.34, 99% CI 1.01-280 
1.79) more likely to walk between 30 and 90 minutes per week than were those with the least 281 
amount of bikeways. Similarly, those with the most bikeways were 60% (OR 1.60, 99% CI 282 
1.16-2.21) more likely than those with the least bikeways to walk more than 300 minutes per 283 
week.  284 
Street lights. Having good street lighting was associated with significantly increased odds 285 
of walking 300 minutes or more per week (OR 1.50, 99% CI 1.07-2.11).  For lower levels of 286 
walking, having good street lighting neared significance at the 99% confidence level and was 287 
associated with at least a 25% increased odds of walking for each walking category. 288 
River or coast. Living closer to the Brisbane River or to the coast was positively 289 
associated with walking. Once again, this effect was strongest in the higher walking 290 
categories. For example, living closest to a river or coast was associated with a 47% (OR 291 
1.47, 99% CI 1.05-2.05) increased odds of walking between 30 and 90 minutes. However, 292 
living closest to the river or coast was associated with more than double the odds of walking 293 
more than 300 minutes per week (OR 2.06, 99% CI 1.41-3.02).  294 
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Public transport. Among participants with low levels of walking, between 30 and 90 295 
minutes per week, living in close proximity to public transport was associated with a greater 296 
likelihood of walking. However, this association did not reach statistical significance (OR 297 
1.34, 99% CI 0.88-2.05, ns). For all higher levels of walking, there was no association 298 
between walking and proximity to public transport.  299 
Shop. Living close to a shop was positively associated with increased chances of walking; 300 
particularly for those who walked between 30 and 90 minutes per week (OR 1.46, 99% CI 301 
1.06-2.02). For all levels of walking, the odds of walking increased with closer proximity to a 302 
shop. 303 
Park. There appeared to be some association between proximity to a park and walking; 304 
however this relationship did not reach statistical significance. For example, the odds of 305 
walking between 150 and 300 minutes per week was higher for those who had a public park 306 
that was between 600 and 900 meters away (OR 1.23, 99% CI 0.92-1.66, ns). 307 
DISCUSSION 308 
In this representative cross-sectional study of mid-aged Brisbane residents, only 36.6% of 309 
participants met current physical activity recommendations through walking, and more than 310 
21.5% walked for less than 30 minutes for recreation, exercise, or to get to and from places in 311 
the week preceding the survey. This is a higher proportion of walkers than was reported in 312 
the most recent Australian national health survey, yet it is consistent with findings that mid-313 
aged people  tend to meet their physical activity needs through walking.39 This finding again 314 
highlights the importance of fostering environments that support walking, which is the most 315 
commonly utilized and easily accessible form of activity. 40 316 
By using a multilevel and multinomial approach we were able to take into account the 317 
clustering effects that were present in the data. We were also able to highlight both general 318 
associations between walking and the environment and to explore some of complex 319 
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relationships between levels of walking and ‘amounts’ of particular environmental 320 
characteristics. Most of the environmental variables examined, in this cross-sectional study, 321 
showed an association with walking, with street connectivity, residential land density, and 322 
distance to river or coast exhibiting the strongest relationships. In regards to street 323 
connectivity and residential land density these findings are consistent with previous 324 
research.22, 41 Greater street connectivity provides more walking route choices and often a 325 
more direct route between origin and destination.  In contrast, poor street connectivity as 326 
found in areas with cul- de-sacs, constrains walking by limiting options to get from place to 327 
place and increases distances between origin and destination. Residential density appears to 328 
support walking because in areas with high density there are more destinations which are 329 
more proximate, and with increased pedestrian traffic there is likely to be an increased sense 330 
of safety, and social norms for walking. Proximity to a waterway may provide residents with 331 
an attractive walking environment, and this possibly explains why our study, and previous 332 
research16, 17, 18 finds an association between distance to the coast or a river and levels of 333 
walking. Access to off road bikeways was also associated with walking, as these trails 334 
provide walkers with alternative routes away from motor vehicle traffic and other hazards.26 335 
One notable finding that differs from previous research pertains to tree coverage. Previous 336 
studies have found that more tree coverage is associated with increased walking,42 however in 337 
the current study low tree coverage was associated with more walking.  The reason for this 338 
finding is unclear; however it may be because Brisbane is a very ‘leafy’ green city with good 339 
tree coverage in most suburbs, and that the ideal level of tree coverage was found in the 340 
lowest category. Forested areas in Brisbane with maximum tree cover tend to be areas with 341 
more natural bushland which have lower residential density and poor access to destinations. 342 
These latter factors run counter to increasing walking. Schroeder and Anderson25 found that 343 
insufficient trees were an aesthetic liability; however, the presence of fewer trees was 344 
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associated with increased perceived security. Thus, in the areas with the densest tree coverage 345 
personal safety issues may be discouraging people from walking, as well as there being fewer 346 
people in the area who are likely to walk. 347 
Proximity to public transport and shops was not consistently or strongly associated with 348 
walking in this study; however, these measures are likely to be more predictive of walking for 349 
transport, rather than general walking as was measured in this study.18 Similarly, proximity to 350 
a public park did not yield any significant relationships with walking. This contradicts other 351 
research on walking and open public spaces; however, the earlier research highlighted the 352 
importance of the size and attractiveness of the parkland which were not considered in the 353 
current study.15  354 
It is noteworthy that significant associations were mostly limited to the highest quintiles 355 
(vs. lowest quintiles) for most environmental variables (exceptions were tree coverage, 356 
connectivity and proximity to a river or coast). This seems to suggest that there may be a 357 
threshold by which environmental changes are associated with walking and that low levels of 358 
exposure to certain environmental features may not be effective in increasing walking 359 
(assuming a causal relationship).  360 
In addition, the strength of association between the neighborhood environment and 361 
walking sometimes differed as a function of the level of walking. For example, residents of 362 
the most connected neighborhoods were approximately 44% more likely than their 363 
counterparts in the least connected neighborhoods to have walked between 30 and 90 minutes 364 
in the previous week: the corresponding difference between residents of the most and least 365 
connected neighborhoods who walked more than 300 minutes was 93%. Somewhat similar 366 
patterns were observed for residential density, tree coverage, bikeway coverage, street lights, 367 
and distance to the river or coast, suggesting that the presence of more of these features is 368 
conducive to higher levels of walking. This pattern, however, did not hold for hilliness, where 369 
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the effect of living in a less hilly neighborhood on walking was similar in magnitude across 370 
all walking categories. Similarly, for distance to the nearest public transport, shop or park, 371 
there were no obvious patterns between proximity to destinations and walking. This may be 372 
because the distances in question were relatively short or because these neighborhood 373 
variables are related specifically to walking for transport and hence associations may have 374 
been attenuated due to the non-specific outcome measure used in this study.   375 
Strengths and Limitations 376 
This study had a number of strengths. First, this paper has illustrated the capacity for 377 
multinomial analyses to elucidate the complex interrelationships between the neighborhood 378 
environment and walking i.e. how much of a particular neighborhood characteristic is 379 
associated with different walking levels. Second, the study achieved a relatively high 380 
response rate (68.5%) and recruited a large sample, which likely minimized non-response 381 
bias and enhanced the study’s power and generalizability. Third, having multiple categories 382 
of walking (rather than, for example, a dichotomous measure), and multiple categories for 383 
each of the environmental variables, allowed us to examine in detail the complexity of 384 
associations with the environment across different levels of walking.  385 
There are also a number of limitations that must be noted. Firstly, the study used only one 386 
questionnaire item to assess walking, and this did not differentiate between reasons for 387 
walking, e.g. walking for recreation versus walking for transport. This may have had 388 
implications for associations; proximity to public transport for example, was not associated 389 
with general walking in this study, but may be associated with walking for transport. Future 390 
research examining environmental correlates needs to measure specific walking types, so that 391 
differential associations may be more readily identified.43  392 
A second limitation relates to the environmental measures. Some of the neighborhood 393 
environment measures used in this study may be crude descriptors of the objective 394 
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environment. For example, while all of the bikeways in Brisbane were included in the 395 
analysis, there is no adjustment for barriers, such as busy streets or for the quality of the 396 
paths. Similarly, for the shops measure, this data were taken from council zoning information 397 
and, while an audit found that in all cases there were retail shops on these allotments, there 398 
was no consideration of the types of shops represented. Third, if individual-level factors are 399 
part of the pathway by which neighborhoods impact on physical activity then adjusting for 400 
compositional factors may have artificially attenuated some of the true neighborhood effects.  401 
While it was not the focus of this study to explore the role of individual or community 402 
level factors in a presumed causal pathway between environment and walking, it is clear that 403 
these factors play a role. For example, we know that age, gender, smoking status and the 404 
number of vehicles owned in a household, are all correlated with the amount of walking 405 
people engage in.44, 45 Thus as we learn more about the role of individual and community 406 
level factors, it will be necessary to map these pathways; in the mean time however, it is 407 
important to acknowledge and, as much as possible, control for these factors. In short, 408 
identifying the environmental characteristics that are independently associated with walking 409 
is a first step in assessing which features are the most suitable intervention options46 and 410 
future studies should consider ecological models that will assist in exploring these 411 
relationships. 412 
Implications 413 
By increasing walking, public health is likely to improve, or more particularly, levels of 414 
obesity and chronic disease are likely to reduce. 2, 47 In addition, it is known that walking 415 
occurs primarily in local neighborhoods and that street scale urban design interventions and 416 
appropriate land use policy are effective ways to increase activity and should be a priority for 417 
public health practitioners.48, 49 The implementation of these interventions requires public 418 
health practitioners to work with, and lobby, policy-makers and practitioners in sectors 419 
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outside of health, including local government, planning and transport. This study has 420 
demonstrated that a number of environmental characteristics are associated with walking and 421 
the more of these attributes that are present, the more walking that is undertaken. For 422 
example, residents of neighborhoods that are closer to a river or the coast or which have more 423 
connectivity or more bikeways, are more likely to walk at high levels, which is beneficial to 424 
health and may assist in losing weight.48  425 
By categorizing both the predictors and the outcome variable using multiple sensitive cut-426 
points we are able to identify thresholds and more clearly see the relationships between 427 
environmental features and the amount of walking that people do. These results can therefore 428 
be used to design neighborhoods that optimize walkability with a view to increasing local 429 
walking. Thus, this research can inform infrastructure and urban design planning. It should 430 
also be noted that while features such as proximity to a river or the coast are not as open to 431 
intervention as other environmental features, such as the provision of bike paths, urban 432 
planners and local councils can take all of these associations into account as they plan for the 433 
future. Further, city councils and those involved in public health promotion could use the 434 
results to raise awareness about the need for walk friendly infrastructure and natural features.  435 
SO WHAT? 436 
This research examined the relationship between walking and objectively measured 437 
features of the neighborhood environment. We found that a number of environmental 438 
characteristics are associated with walking - connectivity, density, tree coverage, the 439 
provision of off road bikeways, street lighting, proximity to a major waterway, and proximity 440 
to a shop – however, the strength of association for a particular environmental characteristic 441 
differs depending upon the amount of walking undertaken. Creating pedestrian-friendly 442 
neighborhoods is likely to encourage more walking which, among other benefits, will reduce 443 
the risk of overweight and obesity36, 50 and associated chronic disease,21 ease traffic 444 
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congestion,19 reduce greenhouse gas emissions19 and increase social capital51. Findings such 445 
as these should form the basis of state and local government initiatives aimed at improving 446 
community health and wellbeing. 447 
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Table 1 
Socio-demographic characteristics of the analytical sample compared with the Brisbane 
population 
 HABITAT 
n = 10,286 
Brisbane population 
 in 2006 
N=10,286 n % N % 
Sex     
Males 4561 44.3 139473 49.0 
Females 5725 55.7 145262 51.0 
Age     
40 – 44 2088 20.3 66396 23.3 
45 – 49 2264 22.0 62930 22.1 
50 - 54 2136 20.8 57232 20.1 
55 - 59 1965 19.1 52762 18.5 
60 - 65 1833 17.8 45308 15.9 
Highest attained education level     
Bachelor’s degree or higher 3278 31.9 72684 25.5 
Diploma/Associate diploma 1197 11.6 27346 9.6 
Certificate (trade/business) 1819 17.7 43983 15.4 
School 3992 38.8 140722 49.4 
Occupation     
Managers & Professionals 3479 33.8 86804 30.5 
White collar intermediate 2262 22.0 48100 16.9 
Blue Collar 1428 13.9 64643 22.7 
Not in the labour force 2284 22.2 81934 28.8 
Missing 833 8.1 3254 1.1 
Household income     
$130,000 pa or more 1820 17.7 27854 18.0 
$72,800 - $129,999 2682 26.1 38370 24.8 
$52,000 - $72,799 1505 14.6 24140 15.6 
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$41,600 - $51,999 769 7.5 10354 6.7 
$26,000 - $41,599 1100 10.7 19846 12.8 
$0 - $25,999 973 9.5 16148 10.4 
Missing 1437 14.0 17923 11.6 
Neighborhood disadvantage (IRSD quintiles*)    
Q1 (Most disadvantaged) 1498 14.6 49360 17.3 
Q2 1680 16.3 52777 18.5 
Q3 2142 20.8 56461 19.8 
Q4 2498 24.3 59121 20.8 
Q5 (Least disadvantaged) 2468 24.0 67016 23.5 
Current living arrangement †     
Single and living alone 1517 14.8 -- -- 
Single Parent 904 8.8 -- -- 
Single and living with friends or 
relatives 
661 6.4 -- -- 
Couple (married or de facto), no 
children 
2768 26.9 -- -- 
Couple (married or de facto), with 
children 
4436 43.1 -- -- 
 
*The Index of Relative Socioeconomic Disadvantage (IRSD) is a score calculated and assigned by the Australian 
Bureau of Statistics at the level of the Census Collectors District. It is an indicator used to characterise 
neighborhood deprivation.    
†Categories not comparable with those used in the 2006 census 
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Table 2 
Kendall’s Tau-b correlations between the Independent Variables 
 Connect Density Hills Trees Bikeways lights River or coast Public transport Shop 
          
Density 0.49*         
Hilliness -0.15 -0.19        
Tree coverage -0.39* -0.48* 0.30*       
Bikeways 0.17 0.17 -0.21 -0.13      
Street lights 0.57† 0.44* -0.03 -0.37* 0.14     
River or coast -0.17 -0.08 0.14 0.00 -0.07 0.03    
Public transport 0.17 -0.29* 0.07 0.20* -0.10 -0.28* 0.09   
Shop -0.50† -0.41* 0.12 0.34* 0.14 -0.35* 0.20* 0.37*  
Park -0.01 -0.02 0.05 0.05 -0.10 -0.06 0.01 0.09 0.06 
 
* moderate relationship 
†strong relationship 
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Table 3 
Self reported time spent walking during the previous week (total minutes)* 
 n % Cumulative 
%
Walking (total minutes)(N=10,286)    
<30   2212 21.5 21.5
≥ 30 < 90 2353 22.9 44.4
≥ 90 <150 1954 19.0 63.4
≥ 150 <300   2223 21.6 85.0
≥ 300 1544 15.0 100.0
 
* After deleting cases for missing on current living arrangement and education covariates 
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Table 4 
Environmental factors and the likelihood of walking† 
 Walking (total minutes) 
 Environment plus  
Covariates 
<30 
ref ≥ 30 < 90 ≥ 90 <150 ≥ 150 <300   
≥ 300 
 
 OR OR CI OR CI OR CI OR CI 
Connectivity          
1 ref – least connected  1.00  1.00  1.00  1.00  
2 1.00 1.12 0.84 - 1.50 1.21 0.89 - 1.65 1.22 0.91 - 1.65 1.18 0.84 - 1.67 
3 1.00 1.33* 0.97 - 1.83 1.42 1.02 - 1.98 1.58 1.14 - 2.17 1.50 1.04 – 2.17 
4 1.00 1.43 1.04 - 1.96 1.50 1.07 – 2.09 1.59 1.15 - 2.20 1.59 1.10 - 2.30 
5 (most connected) 1.00 1.44 1.04 - 1.99 1.59 1.13 - 2.23 1.58 1.13 - 2.21 1.93 1.32 - 2.80 
Density          
1 Least dense  1.00  1.00  1.00  1.00  
2 1.00 1.01 0.75 - 1.35 1.02 0.75 - 1.38 0.97 0.72 - 1.30 0.90 0.64 - 1.25 
3 1.00 1.33* 0.98 - 1.80 1.22 0.88 - 1.70 1.17 0.85 - 1.61 1.01 0.71 - 1.45 
4 1.00 1.28* 0.94 - 1.73 1.33* 0.97 - 1.84 1.29* 0.94 - 1.77 1.14 0.80 - 1.61 
5 (most dense) 1.00 1.37 1.00 - 1.90 1.33* 0.94 - 1.87 1.41 1.02 - 1.97 1.47 1.02 – 2.12 
Hilliness          
1 (least hilly) 1.00 1.37* 0.99 - 1.91 1.36* 
0 96 1 94
1.34* 0.95 - 1.90 1.37* 0.94 – 2.01 
2 1.00 1.14 0.84 - 1.57 1.24 0.89 - 1.74 1.15 0.82 - 1.60 1.05 0.72 - 1.52 
3 1.00 1.05 0.78 - 1.42 1.13 0.82 - 1.57 0.99 0.72 - 1.36 0.99 0.70 - 1.41 
4 1.00 1.01 0.76 - 1.34 1.06 0.78 - 1.44 1.12 0.83 - 1.51 0.98 0.70 - 1.37 
5 ref – most hilly  1.00  1.00  1.00  1.00  
Tree Coverage          
1 (least tree coverage) 1.00 1.40* 0.99 - 1.98 1.47 1.01 – 2.12 1.54 1.08 - 2.19 1.69 1.13 - 2.51 
2 1.00 1.02 0.73 - 1.42 1.07 0.75 - 1.54 1.05 0.75 - 1.47 1.16 0.79 - 1.71 
3 1.00 1.01 0.72 - 1.40 1.03 0.72 - 1.48 0.99 0.71 - 1.39 1.03 0.70 - 1.51 
4 1.00 1.21 0.88 - 1.65 1.07 0.77 - 1.51 1.00 0.72 - 1.38 1.08 0.75 - 1.55 
5 ref – Most coverage  1.00  1.00  1.00  1.00  
Bikeways          
1 ref – least bikeways  1.00  1.00  1.00  1.00  
2 1.00 0.92 0.68 - 1.24 1.00 0.73 - 1.37 1.13 0.83 - 1.53 1.01 0.72 - 1.43 
3 1.00 1.13 0.86 - 1.50 1.04 0.77 - 1.41 1.26* 0.95 - 1.69 1.14 0.82 - 1.57 
4 1.00 1.04 0.78 - 1.37 1.03 0.77 - 1.39 1.21 0.91 - 1.61 1.24 0.91 - 1.70 
5 (most bikeways) 1.00 1.34 1.01 - 1.79 1.30* 0.96 - 1.76 1.57 1.17 – 2.10 1.60 1.16 - 2.21 
Street Lights          
1 ref – least lights  1.00  1.00  1.00  1.00  
2 1.00 1.01 0.77 - 1.34 1.23 0.91 - 1.66 1.14 0.86 - 1.53 1.07 0.77 - 1.47 
3 1.00 1.04 0.78 - 1.39 1.22 0.89 - 1.67 1.05 0.78 - 1.43 0.88 0.63 - 1.24 
4 1.00 1.02 0.76 - 1.38 1.37* 0.99 - 1.89 1.19 0.87 - 1.62 1.07 0.76 - 1.51 
5 (most lights) 1.00 1.25* 0.93 - 1.69 1.37* 0.99 - 1.91 1.35* 0.99 - 1.85 1.50 1.07 – 2.11 
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River or Coast          
1(least distance) 1.00 1.47 1.05 – 2.05 1.55 1.08 – 2.22 1.57 1.11 - 2.23 2.06 1.41 – 3.02 
2 1.00 1.45 1.05 – 2.02 1.41* 0.99 – 2.01 1.44 1.02 – 2.02 1.48 1.01 – 2.16 
3 1.00 1.35* 0.98 - 1.86 1.19 0.84 - 1.69 1.18 0.84 - 1.65 1.28 0.88 - 1.86 
4 1.00 1.24 0.91 - 1.71 1.21 0.87 - 1.69 1.25 0.90 - 1.73 1.23 0.86 - 1.77 
5 ref – greatest distance  1.00  1.00  1.00  1.00  
      
Nearest Public 
Transport          
Up to 0.2 kilometers 1.00 1.34 0.88 – 2.05 1.05 0.86 - 1.63 1.13 0.75 - 1.71 1.10 0.69 - 1.73 
0.3 – 0.5 kilometers 1.00 1.19 0.79 - 1.81 0.98 0.64 - 1.50 1.03 0.69 - 1.54 0.98 0.62 - 1.53 
0.6 – 0.9 kilometers 1.00 1.21 0.74 - 1.96 0.92 0.59 - 1.45 1.13 0.74 - 1.72 0.90 0.56 - 1.46 
1km or more  1.00  1.00  1.00  1.00  
          
Nearest Shop          
Up to 0.2 kilometers 1.00 1.46 1.06 – 2.02 1.27 0.90 - 1.80 1.27 0.90 - 1.78 1.36* 0.94 - 1.97 
0.3 – 0.5 kilometers 1.00 1.19* 0.94 - 1.51 1.15 0.89 - 1.49 1.13 0.88 - 1.45 1.21 0.91 - 1.60 
0.6 – 0.9 kilometers 1.00 1.04 0.83 - 1.30 1.02 0.80 - 1.30 1.08 0.86 - 1.36 1.13 0.87 – 1.47 
1km or more  1.00  1.00  1.00  1.00  
          
Nearest Park          
Up to 0.2 kilometers 1.00 1.08 0.78 - 1.50 1.13 0.80 - 1.61 1.21 0.86 - 1.69 1.08 0.74 - 1.56 
0.3 – 0.5 kilometers 1.00 1.13 0.85 - 1.51 1.14 0.84 - 1.54 1.14 0.85 - 1.54 1.01 0.73 - 1.40 
0.6 – 0.9 kilometers 1.00 1.11 0.83 - 1.48 1.15 0.85 - 1.57 1.23 0.92 - 1.66 1.03 0.74 - 1.42 
1km or more  1.00  1.00  1.00  1.00  
          
 
†All models adjusted for the Index of Relative Socioeconomic Disadvantage and within-neighborhood variation 
in age, sex, household-type, education, occupation, and household income 
*These odds-ratios are significant at the 95% CI’s
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